Simmental and Hereford bulls were individually fed varying levels of the same diet to determine the effect of energy intake after weaning on rate of sexual development. For 200 d, 29 Simmentals were fed an average of 14.6, 19.2 or 23.8 Mcal and 27 Herefords were fed 13.4, 17.5 or 22.2 Mcal metabolizable energy per bull daily. Higher energy did not hasten sexual development, as measured by serum testosterone, age at first mating or age at puberty. As energy level increased, weight at puberty increased (P<.05) for both breeds, and scrotal circumference at puberty increased (P<.05) for Simmentals. When adjusted for breed and energy level, bulls that were heavier at 1 yr of age had larger scrotal circumference (P<.05) and were younger at puberty (P<.01). Bulls that had higher serum testosterone at 1 yr of age reached puberty earlier (P<.01). At a constant age there was no relationship between testosterone and scrotal circumference. Although higher levels of energy increased scrotal circumference of Simmentals, it did not hasten sexual development for either breed.
Introduction
Extremely low energy intake beginning early in life can delay puberty (Bratton et al., 1959; VanDemark and Mauger, 1964) and, if severe enough, can permanently impair sperm output of bulls. Information on the effect of ranges of nutrition typically used for development of beef bulls is limited.
Use of scrotal circumference of yearling beef bulls as a selection tool to increase reproductive performance has been prompted by studies showing that those with larger scrotal circumference produce more sperm (Almquist and Amann, 1961; Hahn et al., 1969; Almquist et al., 1976; Foote et al., 1977) , produce higher quality semen (Cates, 1975; Chenoweth et al., 1977; Fields et al., 1982) and are younger at puberty (Lunstra et al., 1978) . Others have shown scrotal circumference of yearling bulls to be negatively correlated with age at puberty of closely related females (Brinks et al., 1978; Lunstra, 1982) . Scrotal circumference at a given age can be affected by energy intake ( VanDemark and Mauger, 1964; Wilsey et al., 1971; Morrow et al., 1981) .
The objective of this study was to determine the effects of level of energy intake after weaning on the rate of sexual development, as measured by age at puberty, growth in scrotal circumference and change in serum testosterone.
Materials and Methods
Nutritional Treatments. Twenty-nine Simmental and 27 Hereford bulls were allotted to one of three levels of energy within breed, considering herd of origin, sire, age, body weight and hip height. Simmental bulls were from one herd, sired by two sires and born between February 28 and April 3 (avg initial age 212 d). Hereford bulls were from two herds, sired by two sires and born between February 2 and April 25 (avg initial age 211 d).
Bulls were individually penned in an openfront barn and fed varying levels of the same diet for 200 d (ending in May) after weaning. During the individual feeding period bulls were turned out of individual feeding pens 3 d/wk to exercise as a group. Beginning in May, they were group-fed while adjusted to a 100% $ 80 PRUITr ET AL. roughage diet for 10 d before grazing brome pasture for 38 d as one group (ending in June). This nutritional scheme was designed to represent the normal range of energy used for development from weaning to approximately 14 mo of age followed by a typical diet for bulls during the breeding season.
A modification of the net energy system for bulls of various frame sizes was used to calculate three levels of energy/breed that would produce three different rates of gain/breed. Amount of diet fed was increased every 25 d to meet the increasing energy requirements for the desired level of gain. Diets were balanced to exceed protein , calcium, phosphorus, potassium and vitamin requirements (NRC, 1976) for all groups.
The Simmental bulls were fed an average of 14.6 (low), 19.2 (medium) or 23.8 (high) Mcal metabolizable energy (ME) per bull daily and the Hereford bulls were fed 13.4 (low), 17.5 (medium) or 22.2 (high) Mcal ME per bull daily during the individual feeding period. Details of the energy levels and diets fed were described by Pruitt and Corah (1985) .
Weight, Backfat and Scrotal Circumference.
At the beginning of each 25-d interval during the individual feeding period and at the end of the pasture period, 18-h shrunk weight and scrotal circumference were measured. Scrotal circumference was measured by palpating the testicles to the bottom of the scrotum and measuring the scrotum at its largest circumference with a metal tape 4. At the end of the individual feeding period, backfat thickness between the 12th and 13th rib was measured by a scanogram 5. Weight and scrotal circumference at 365 d of age were extrapolated from the two closest measurements.
Determination of Puberty. Puberty was defined as the age when a bull had at least one completed mating during a serving capacity test and produced an ejaculate with at least 50 x 10 6 sperm with a minimum of 10% motility. Serving capacity tests were conducted within 1 wk before weigh day. Within 1 wk following weigh day, semen collection was attempted with 4Lane Manufacturing, Inc., Denver, CO 80222. 5Model 722, Ithaco, Inc., Ithaca, NY 14853. 6Antiserum was supplied by G. D. Niswender, Dept. of Physiol. and Biophys., Colorado State Univ., Fort Collins.
an artificial vagina on bulls that had mated during any previous serving capacity test. The exceptions were during the fourth and seventh 25-d period when semen collection was attempted on all bulls by electro-ejaculation.
All bulls were subjected to a 30-rain serving capacity test (Blockey, 1978) during each 25-d interval of the individual feeding period and at the end of the pasture period. Four bulls of similar size were penned for 30 min with three restrained ovariectomized heifers induced into estrus with estrogen (Lane et al., 1983) . Other bulls were in pens adjacent to the testing area before their own serving capacity test. A bull was credited with a mating if intromission accompanied by a pelvic thrust was observed.
On d 90 and 154 of the trial electro-ejaculation was attempted on all bulls with a Pulsator II electro-ejaculator (60-mm probe) 4. Ejaculation was attempted up to three times on the same day if a bull failed to ejaculate or produced an ejaculate with less than 10% motility.
During all other 25-d intervals, semen was collected with an artificial vagina from bulls that had at least one completed mating during any previous serving capacity test. If a bull did not produce an ejaculate with at least 10% motility after collection of two ejaculates or if an ejaculate could not be collected, the same collection procedure was repeated within 1 wk. Ejaculates were successfully collected on all bulls within the same 25-d interval as their first completed mating.
Semen volume was measured and sperm motility was evaluated under a light microscope (430X). Concentration was measured by counting on a hemacytometer (Sorenson, 1971) .
Testosterone. On each weigh day at 25-d intervals and at the end of the pasture period, a single blood sample was collected by jugular venipuncture from each bull immediately after weight and measurements were recorded. Blood was allowed to coagulate at 5 C for 24 h; serum was stored at -20 C until assayed for testosterone by radioimmunoassay 6.
Testosterone was measured in dried benzene: hexane (1:2, v/v) extracts of duplicate aliquots of 50, 100, or 200 I~1 serum. Specificity of the antibody (250) was described previously by Gay and Kerlan (1978) . When the activity of testosterone was 100%, the cross-reactivity (analyzed at the midpoint of the standard curve) was 69% for dihydrotestosterone, 14% for 5oL-androstan3a, 17-13-diol, 22% for 5oL-androstan-313, 1713-diol, 1% for androstant-4-one-3, 17-dione and .3% for "estradiol-1713. The cross-reactivity of 15 other steroids was less than .1%. Added testosterone was recovered quantitatively when eight replicates of 10, 25, 50, 100, 250, 500, 750 and 1,000 pg testosterone were added to 100 ixl of bull serum (1.01 ng testosterone/ml) before and after extraction (r = .99, slope = 1.09; r = .98, slope = 1.12, respectively). Depression in binding by increasing volumes of bull serum (25, 50, 100, 150, 200, 250 and 300 ixl; n = 4 each) was parallel to the standard curve (10, 25, 50, 100,250,500,750 and 1,000 pg/tube; n = 2 each). Intra-and inter-assay coefficients of variation were 16.7 and 19.6%, respectively, for standard sera in each of 15 assays. The sensitivity average of 14 pg/tube (SD = 7) was calculated by the percent binding of the lower limit of a 95% confidence interval for a total of 48 zero tubes in 15 assays. Mean binding of zero tubes was 48.4% (SD = 9.4) and mean recovery of testosterone following extraction was 84.4% (SD = 10.5).
Testosterone at 365 d of age was calculated by averaging the serum testosterone concentrations from blood samples collected within 45 d of 365 d of age. Testosterone at first mating and at puberty was calculated by averaging serum testosterone concentrations of the two blood samples collected prior to first mating and puberty, respectively.
Statistical Analysis. The original design of the trial was to have the Simmental and Hereford bulls at the same body composition at the end of the trial. Because this was not accomplished, results were analyzed by breed and no breed comparisons were made. Treatment resuits were analyzed by analysis of variance using the Statistical Analysis System (SAS, 1979) General Linear Model (GLM) procedure. Means were separated by the predicted difference (PDIFF) option of GLM. Partial correlations were calculated using the multivariate analysis of variance (MANOVA) option of GLM with breed, treatment within breed and age (where appropriate) as the independent variables.
Results and Discussion
Scrotal Circumference. Simmentals fed higher levels of energy had larger mean scrotal circumference (P<.05) after 75, 100, 150 and 200 d of the trial (table 1) . That advantage in scrotal circumference was maintained even at the end of the pasture period. Others have reported that energy intake can affect testicular development of yearling bulls (VanDemark and Mauger, 1964; Wilsey et al., 1971; Morrow et al., 1981) . Energy level did not affect scrotal circumference of Herefords (table 1) .
When not adjusted for age, the correlation between weight and scrotal circumference at an average age of 362 d was .54 (P<.01). Others have reported a similar relationship (Almquist and Amann, 1961; Coulter and Foote, 1977; Lunstra et ai., 1978; Fields et al., 1982) . When adjusted to 365 d of age (by extrapolation), the correlation between weight and scrotal circumference was lower (r = .31) but significant (P = .03). A positive correlation between pasture weight change and change in scrotal circumference from May to June (Herefords, r = .59, First Mating and Puberty. Two Simmental bulls did not reach puberty during the study. One bull on the high-energy treatment did not accomplish any services and a low-energy bull did not produce enough sperm to be considered puberal. One high-energy Hereford bull was foundered early in the study and was not included in the analyses of first mating or puberty.
Higher levels of energy did not hasten the age at first mating or puberty (table 2) . This is in contrast to Bratton et al. (1959) , who reported that high levels of energy hastened and low levels of energy delayed age at first motile sperm production in Holstein bulls. The range in energy fed in that study was more extreme and the nutritional treatments began near birth. VanDemark and Mauger (1964) showed that severe restriction of energy intake beginning at 8 wk of age delayed puberty in Holstein bulls. McCarthy et al. (1979) suggested that endocrine events initiating sexual development in bulls began as early as 4 mo of age. In our study the differences in energy level may not have been large enough to affect endocrine changes that began several months before the trial started.
Puberty in bulls has been defined as the age at which the first ejaculate containing a minimum of 50 x 106 total spermatozoa with at least 10% progressive motility is collected (Wolf et al., 1965; Lunstra et al., 1978) . Foote (1969) defined the onset of puberty as the age when "1) spermatogenesis is complete, 2) libido is manifested, and 3) penile development permits normal ejaculation. Functionally, it is the earliest age at which males can impregnate females or serve an artificial vagina." Since Wolf et al. (1965) collected semen by artificial vagina, bulls would also need to manifest libido and have adequate penile development to permit normal ejaculation. This is similar to the sexual development necessary to be classified as puberal in this study. Any of the definitions of puberty used requires a certain degree of subjectivity. The criteria used in this study are applicable to beef bulls used for natural service.
Testosterone. Mean serum testosterone concentrations for Simmentals were lowest (P<.05) for those fed medium energy, but the interaction between energy level and sampling time (P<.01) did not show a consistent pattern as level of energy increased (table 3) . Energy level did not affect serum testosterone for Herefords. Mean concentrations of testosterone by sampling time (table 3) are similar to those reported by Lunstra et al. (1978) for bulls of similar ages. Due to the design of our study, it is not possible to tell whether the drop in testosterone from May to June (P<.05) was due to age, change in nutrition, or other environmental factors.
Relationship of Serum Testosterone with Scrotal Circumference. When unadjusted for
age, the positive correlation between scrotal circumference and testosterone (r = .30, P = .03; avg age 362 d) agrees with other reports (Lunstra et al., 1978; Fields et al., 1982) . Correlation of 365-d testosterone concentration with 365-d scrotal circumference was 0.
Relationship of Weight, Scrotal Circumference and Testosterone with First Mating and
Puberty. Because higher levels of energy increased weight gains without reducing age at first mating and puberty, weight at first mating (P<.07) and puberty (P<.05) increased as energy increased (table 2) . Even though increasing weight by feeding higher levels of energy did not hasten puberty, when corrected for breed and energy level, bulls that were heavier at 1 yr of age were younger at puberty (r = -.37, P<.01) and first mating (r = -.26, P = .07).
Energy level did not affect scrotal circumference at first mating or puberty for Herefords. However, mean scrotal circumference at first mating and puberty was larger (P<.05) for Simmentals on higher levels of energy (table 2) . This is in contrast to Lunstra et al. (1978) , who suggested that bulls reach puberty at a relatively constant scrotal circumference. In that study, puberty was defined as the age at which an ejaculate contained a minimum of 50 • 106 total spermatozoa with at least 10% motility. The definition of puberty in our study included the requirement that a bull had mated at least once. At d 90 of the trial (when all bulls were electro-ejaculated) scrotal circumference of puberal and prepuberal bulls was similar whether classified by semen production alone (Simmental 30.7 vs 30.4 cm; Hereford 31.1 vs 29.7 cm, respectively) or with the additional criterion that mating had occurred at least once (Simmental 30.1 vs 30.6 cm; Hereford 30.9 vs 30.0 cm, respectively). This would indicate that scrotal b'CMeans within a breed on the same row without a common superscript differ (P<.05).
d'e'f'g'h'i'j'kMeans in the same column without a common superscript differ (P<.05).
circumference is not a good indicator of puberty across energy levels. When corrected for breed and energy level, correlations of scrotal circumference at 1 yr of age with age at first mating (r = .04) and puberty (r = .06) were near 0. This is in contrast to an inverse relationship reported by Lunstra et al. (1978) . The difference between studies may reflect a more homogenous population of bulls in our study.
Although there was a wide range in serum testosterone concentrations at first mating and puberty (table 2), the mean levels for Herefords were similar between treatments and means for low and medium Simmental groups were similar. With the exception of the Simmentals fed high energy, serum testosterone concentration was more consistent across treatments than weight or scrotal circumference at first mating and puberty.
Bulls with higher testosterone at 1 yr of age reached puberty earlier (r = -.36, P<.01). This is supported by other findings, where a positive relationship of testosterone with penis Sheath detachment (Lunstra et al., 1978; Fields et al., 1982) and negative relationship of testosterone with age at puberty and first mating (Lunstra et al., 1978) were reported. Several investigators have reported that increasing testosterone is the most pronounced endocrine change associated with the onset of spermatogenesis in bulls (Rawlings et al., 1972; McCarthy et al., 1979; Schanbacher, 1979) .
In summary, higher levels of energy did not hasten sexual development, as measured by serum testosterone concentration, age at first mating or age at puberty. Higher levels of energy increased scrotal circumference for Simmentals, without resulting in earlier puberty. This indicates that nutritional treatments that increase scrotal circumference do not necessarily hasten sexual development. When corrected for effects of breed and energy level, bulls that were heavier at 1 yr of age had larger scrotal circumference and were younger at puberty. Bulls that had higher serum testosterone at 1 yr of age were younger at puberty. When corrected for age there was no relationship between testosterone and scrotal circumference.
